Abstract: In modern days, there is a pervasive inclination towards digitization of text documents for the ease of their access and maintenance. Digitized documents can be preserved for the future since this form has a longer shelf life. Optical Character Recognition (OCR) system translates a digitized text document from human readable form to machine editable codes. Many commercial OCRs are available today for documents written in English, Japanese, Chinese, Arabic and a few Indian scripts. Kannada is the official language of Karnataka, which is one of the southern states of India. Development of OCR for Kannada script is an active research area currently. Kannada language consists of a large set of characters, many of which are very similar in structure. This makes the job of developing an OCR for this language several magnitudes more complicated than for a language like English. The very fact that research on developing OCRs for Kannada language is very promising and is still emerging necessitated this survey paper. The aim of this paper is to discuss in detail: the peculiarities of the Kannada script, challenges they pose for recognition, techniques reported in the literature, recognition accuracies and a comparison with other OCR systems.
2.The Kannada Script
Karnataka's official language Kannada is written in Brahmi script. [5] It is a phonemic abugida of 49 letters. There are 15 vowels (swaras) and 34 consonants (vyanjanas) 
3.Related Work

Printed Kannada Character Recognition
Mamatha etal (2011) [13] have proposed an algorithm for recognition of Kannada vowels with different fonts and sizes.
In their approach; they have used Discrete Curvelet Transform of different scales to create the feature vector used for recognition. Standard deviation is performed on the coefficients obtained in order to reduce the size of the feature vector. A k-NN classifier is adopted for classification and is reported to deliver accuracy of 90.17%.
An Online Kannada Text Transliteration system for mobile phones is proposed by Aravindhan etal (2010) [14] . Kannada text is captured using mobile-camera and the edges detected by using canny edge detection technique is sent to server via MMS/e-mail. The server performs feature extraction and recognition. The feature extraction consists of Cavity Analysis, Shape/Hole based Analysis, End Point contour analysis, Boundary analysis. The classification is done based on cavity features like End-point and Junction-point features using Hierarchical tree based classifier.
Karthik etal (2010) [8] propose an OCR for printed Kannada using k-means clustering. [17] have designed an OCR for a complete set of printed Kannada characters, consisting of more than 600 characters. They apply wavelet transform to the character contours and extract wavelet coefficients which are used as features for further recognition. They reduce the large set of characters by categorizing them into main characters and subscript characters. Then they perform two stage classifications by employing Multilayer Perceptrons. The first stage feeds the character into either main classifier or a subscript classifier depending upon whether it is a main character or subscript character. The second stage of classification selects an appropriate group classifier to further classify a consonant or its composite character within its group. With this approach they have achieved a recognition rate of 91%.
Ashwin and Sastry (2002) [23] proposed the first ever font and size independent OCR system for printed Kannada documents. The individual characters are segmented from the document using projection profile technique and these characters were further subdivided into three zones signifying the top, middle and bottom region of the character. Exploiting the rounded appearance of Kannada characters, they extract the distribution of ON pixels in each zone in radial and angular direction. This forms a 48 dimensional feature vector which is fed to the classification stage. The final recognition is achieved by employing a number of 2-class classifiers based on Support Vector Machine (SVM) method. An overall recognition accuracy of 86.11% is reported. An online handwritten Kannada character recognition system was presented by Vishwas etal (2012) [24] using Direction based Stroke Density (DSD) principle. The input was fed to this system through a digital pen or mouse movement. The system extracted features like direction of the stroke, density of the stroke and number of clicks for those characters. These features were normalized to fall in a narrow range and fed into a Kohonen Neural Network classifier, which calculates a winner neuron with respect to the output weights. The winning neuron is subsequently mapped to the corresponding character to get the result with an accuracy of 94.4%
4.Challenges for Kannada OCR
1. Kannada character set is very vast containing 17340 possible character combinations\newline. If each of this character is considered as a separate class then designing a classifier for recognition of these many classes is very complex. 2. There are many characters in Kannada which are very similar to each other in structure. Hence it is very tedious to train the classifier to recognize these confusing characters accurately. 3. The size of the different characters and words in Kannada is not uniform. This poses difficulty in their segmentation. 4. Unavailability of robust feature set for Kannada script is also a major difficulty for OCR design.
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5. If only the image information (shape and structure) is used for character recognition, the OCR is prone to give incorrect results due to the structural complexity of Kannada script. In order to improve the accuracy rate of recognition, it is required to employ post-processing operation. Post processing makes use of language knowledge to correct the recognition result. 
5.Comparison
Printed Character Recognition
Handwritten Character Recognition
6.Conclusion
Development of OCR for Kannada script is an active research area recently. Recognition of Kannada text is a complicated task due to the structural complexity, large character set and many similar shaped character classes contained in Kannada script. This survey paper is organized around the published works related to recognition of Printed and Handwritten Kannada characters. Various works on OCR for Kannada script have been reviewed in detail in this paper. An effort has been made to throw light on the various research trends in modern OCR systems, compare the techniques adopted and the datasets used in the design of OCR systems. The paper also discusses the challenges specific to Kannada OCR, thus indicating some open problems in this field of research. It was observed that addition of a post processing stage followed by OCR can improve the recognition accuracy. 
